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INTRODUCTION 
During the past several years, many reports have been 
published concerning the sad state of deterioration of the 
nation's public works, such as, bridges, roadways, water and 
sewer systems, ports, harbors, airports, and buildings of all 
types. According to the 1988 National Research Council Report on 
"Building for Tomorrow" estimates of public infrastructure 
amounted to $49 trillion in 1984, and growing rapidly. The 
infrastructure ages and deteriorates with time. The 
deterioration is mostly a result of aging of the materials, 
excessive use, overloading, climatic conditions, lack of 
sufficient maintenance, and difficulties encountered in proper 
inspection methods. All of these factors contribute to the 
obsolescence of the structural system as a whole. As a result, 
repair, retrofit, rehabilitation, and replacement become 
necessary actions to be taken to insure the safety of the public. 
THE PROBLEM 
In order to evaluate the safety of a structure, it is 
essential to determine the remaining strength of the total system 
by a performance analysis based upon the strength and inspection 
data of the materials and the structural system. 
A visual inspection process will provide data with respect 
to the external physical condition of the material such as the 
degree of corrosion and general deterioration. By past 
experience and judgement an engineer will evaluate the remaining 
life of the material and the contribution to the safety of the 
structure. Strength determinations may be made by sampling the 
material and testing it in a laboratory. However, this method 
destroys some of the structure which subsequently must then be 
repaired. The repair is usually noticeable and, as a result, 
many engineers would prefer a nondestructive technique. 
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THE SOLUTION 
Although there are many techniques for nondestructive 
evaluation (NDE) currently available for metals which are used in 
defense and manufactured products, there are only a few which are 
available for the construction materials of: wood, concrete, 
masonry, and steel. These current methods for construction 
materials are not very reliable and in some instances they can 
only be used on a comparative qualitative basis. Instruments 
specifically designed for construction materials and with greater 
accuracy than those currently available are required in order to 
quantitatively evaluate the safety of the structure and to 
estimate its remaining life adequately. 
NSF ACTIVITY IN NDE 
The NSF Division of Mechanical and Structural Systems is 
encouraging basic research to investigate the requirements to 
develop suitable instruments for nondestructive evaluation of 
strength properties and other physical conditions for 
construction materials. The Program Directors in the Division 
are encouraging multi-disciplinary activities involving 
electrical, mechanical, chemical, computer, electronic and 
structural engineers as suitable for the project to perform team 
efforts in the research projects. Unfortunately, this 
"encouragement" should not be interpreted as large sums of new 
money for this approach. Rather this is our personal assessment 
with which all three of us agree. NSF is also encouraging close 
cooperation and active participation by the industries involved 
in the manufacture of nondestructive equipment andjor 
instrumentation. By joint efforts viable products can result 
which will be of great help to engineers responsible for the 
safety and longevity evaluation of structural systems. 
As a source of information on the type of questions which 
the engineering community would like to have answered by the use 
of nondestructive evaluation techniques, NSF supported two 
workshops to outline specific needs of the profession. One was 
held in February, 1988, at the University of Southern California, 
Los Angeles, and the Proceedings are titled, "Nondestructive 
Evaluation for Performance of Civil Structures". The other 
workshop was held in June, 1989, at the National Institute of 
Standards and Technology, at Gaithersburg, Maryland, titled 
International Workshop on Sensors and Measurement Techniques for 
Assessing Structural Performance." 
PROJECTS CURRENTLY IN PROGRESS 
The division is currently supporting several projects which 
are described briefly below and which may serve as information 
for the type of equipment and results which may be expected in 
the near future. 
DETECTION AND WARNING OF IMMINENT AND ACTUAL BRIDGE COLLAPSE 
Frank D. Defalco, John A. Orr 
Worcester Polytechnic Institute, Worcester, MA 
Recent failures of highway bridges have drawn attention to 
the deterioration of the bridge structure and the inherent 
possibility of total collapse. As a result of two recent bridge 
collapses, fatalities have occurred which have cost the State 
Highway Departments considerable sums of monies to replace and 
1922 
compensate victim related claims. This project will investigate 
the use of sophisticated sensing devices and electronic equipment 
to warn motorists of an imminent or total collapse. 
STRUCTURE SAFETY MONITORING SYSTEM 
Victor w. Nee 
University of Notre Dame, Notre Dame, IN 
When the structure suffers fractures or cracks due to rust 
overloading, etc., the weak point will start to sag more than 
allowed in the design. With the laser beam fixed, the sag will 
cause the movement of the attached sensor or mirror. This 
displacement over the level of tolerance, will activate the alarm 
and will also be recorded with the preferred period in the small 
computer, which will provide the complete history of the 
magnitude and the rate of change of the deformation. 
A closed system employs the optical fiber as the basic 
element in the system. However, unlike the conventional use of 
the optical fiber as a signal transmission means, the present 
device utilizes the optical fiber itself as a sensor. In the 
present device, the effect of curvature change is amplified as a 
means to detect deflection with deformation. 
In operation, the optical fiber is fixed along the sensitive 
part of the structure, which can either be curved or straight. 
Single or multiple light sources are located at one end. A wave 
signal analyzer is located at the other, which will first 
calibrate the wave characteristics of undeformed yet possibly 
curved fiber. The effect of deformation of the structure will 
cause additional curvature change which will be picked up by the 
signal analyzer. Correlation between the wave output and the 
magnitude of deformation can be pre-established, which will 
enable the system to record and activate the alarm when needed. 
INVESTIGATION OF HIGHWAY BRIDGE VEHICLE-SUPERSTRUCTURE 
INTERACTION 
Thomas E. Fenske 
University of Louisville, Louisville, KY 
Under a joint highway research project conducted by 
researchers at Purdue, a total of 62 highway bridges of various 
types and span lengths were instrumented for recording dynamic 
displacements and accelerations induced by the passage of various 
types of vehicles. Tests were conducted on ten different 
categories of bridge structures, including steel beam and 
reinforced concrete beam, plate girder, and prestressed !-beam 
bridges. The number of spans varied from one to four with 
considerable variation in span length and roadway deck width. 
Vehicle classifications ranged from single passenger cars to 
heavy trucks with a three axle tractor and a two axle trailer. A 
21,000 pound test vehicle was also used. Test results and 
analyses of over 900 vehicle crossing records have been reported. 
The primary objective of this comprehensive field test 
program was to focus on a comparative study of the dynamic 
responses of various bridge types subjected to normal highway 
traffic conditions. However, a considerable amount of 
information regarding the basic dynamic characteristics of the 
bridge types has also been made available. These characteristics 
include displacement, velocity, acceleration and jerk histories, 
as well as the damping properties of structures. 
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This research project addresses the vehicle-superstructure 
interaction problems which result from a vehicle traversing a 
highway girder bridge. The project will yield a better 
prediction and understanding of the load distribution 
characteristic and dynamic effect of traversing vehicles on 
girder bridges. This insight is to be obtained through 
application of a developed analytical methodology and extensive 
comparison to existing field data, resulting in formulation of 
design recommendations. 
A COMPUTER BASED METHOD TO MEASURE 3-D DISPLACEMENTS AND STRAINS 
IN STRUCTURES 
Cesar A. Sciammarella 
Illinois Institute of Technology, Chicago, ILL 
The design and maintenance of large structures requires the 
help of sensor technology to measure the parameters that control 
their integrity. Although important advances have been made in 
the area of sensors, measurements are limited to point 
determination or to two dimensional geometries. 
A successful approach to integrate optical techniques that 
measure structural properties and current computer technology has 
been carried out at ITT. The developed techniques yield full 
field analysis and have been applied to important technical 
problems. However these methods are limited to two dimensional 
geometries. A very important step in their application to in-
service structures is to add three dimensional capabilities. 
In this 




project the experience so far accumulated in this 
utilized: 
To develop 3-D techniques to measure displacements 
and strains in structures 
To achieve real time or quasi-real time operations 
To apply these developments to structures 
These new technologies will have considerable potential in 
increasing the range of application of optical techniques to 
include monitoring the integrity of in-service structures. In 
addition, structures and their components may be analyzed in 
testing stands under load representative of the service 
conditions. 
THE USE OF TRANSIENT STRESS WAVES FOR FLAW DETECTION ON PRISMATIC 
CONCRETE STRUCTURES 
Mary J. Sansalone, Anthony R. Ingraffea 
Cornell University, Ithaca, New York 
This project will investigate a nondestructive test method 
which will be used to detect and locate flaws in concrete 
structures. Method under investigation is the impact-echo 
technique which has proven successful on plate-like structures 
such as slabs and pavements. Analytical studies, together with 
experimental investigations, will be conducted to verify the 
technique for beams and columns. 
PAVEMENT MANAGEMENT USING VIDEO IMAGING TECHNIQUES 
Donald R. curphey 
AMI Consultants/Pavement Condition Evaluation Services, 
Sparks, Nevada 
The project will design and fabricate a prototype video 
imaging system on a moving vehicle equipped with an imaging 
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instrument to record the condition of the pavement. 
Interpretation of the images will be established for management 
purposes. 
INTELLIGENT SYSTEMS FOR THE IN-SITU EVALUATION OF MATERIALS AND 
STRUCTURES 
Kenneth R. Maser 
Civil & Environmental Tech. Assoc., Arlington, MA 
This project will interpret the data obtained from sensory 
equipment, such as , radar infrared radiometers, and laser 
interferometers, to evaluate the state of deterioration of 
concrete bridge decks. 
METHODS FOR NONDESTRUCTIVE EVALUATION OF MASONRY STRUCTURES 
James L. Noland 
Atkinson-Noland Associates, Boulder, Co 
Several non-destructive evaluation methods are being 
investigated for their accuracy and potential use to predict the 
strength of masonry walls. Techniques being studied are: Schmidt 
Hammer, mechanical pulse velocity, ultrasonic wave velocity, 
vibration, penetration acoustic-mechanical pulse, and flat-jack. 
NON-DESTRUCTIVE STRENGTH AND REHABILITATION ASSESSMENT OF WOOD-
BASED STRUCTURES 
Andrew H. stewart, Ronald W. Anthony 
Engineering Data Management, Inc., Ft. Collins, Co 
The project is assessing methods to determine the bending 
strength of in-situ wood members. The method being studied 
involves a spectral analysis of stresswave parameters. using a 
multivariable sonic wave. 
RESEARCH ON INNOVATIVE DESIGN, DIAGNOSTICS, AND MAINTENANCE OF 
CONSTRUCTED FACILITIES 
Hota v. GangaRao, Larry D. Luttrell 
University of West VA., Morgantown, West VA 
Research projects are underway in many areas as noted by 
the title. Diagnostic studies are being conducted on concrete 
using ultrasonic and stress wave techniques; infrared 
thermography and digital imaging are being considered for 
pavement and floor surface defects. 
LASER ULTRASONIC INSPECTION OF CONCRETE STRUCTURES 
Harold Berger 
Industrial Quality, Inc., Gaithersburg, MD 
Laser generated acoustic wave measurements were investigated 
with high stress amplitudes to gain information on the 
degradation and quality of concrete at various depths from the 
surface, The signals were used in a pulse-echo configuration to 
indicate flaws in the concrete, and the position of the steel 
reinforcement bars. 
NEUTRON PROBE TO EVALUATE EXISTING STRUCTURES 
Luke L. Chang, Richard Livingston 
University of Maryland, College Park, Maryland 
Project will investigate the potential use of a neutron 
probe for the non-destructive evaluation of the existing 
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condition of reinforced concrete structures contaminated with 
chlorides. 
ADVANCED TECHNOLOGY FOR LARGE STRUCTURAL SYSTEMS (ATLSS) 
John W. Fisher 
Lehigh University, Bethlehem, Pennsylvania 
One of the major research objectives of ATLSS is to develop 
improved sensor technology for structural performance assessment. 
An accomplishment in the project "Diagnostic Corrosion Sensors 
for In-Service Monitoring," has been the development of corrosion 
monitor that integrates several environmental variables affecting 
large structures (time of wetness, dust and dirt, the electrolyte 
present at the site) and that indicates the degree of corrosion 
of a steel structure by measuring the charge passed between the 
structure (the anode) and a cathode, In this development, 
investigators have also deepened their understanding of crevice 
corrosion in steel, and are drafting a report of the contributing 
parameters and their dependency on time. 
A new project begun in 1988 is a study of an expanded "Use 
of Acoustic Emission and Ultrasonic Sensors for structural 
Monitoring." Although these sensors have been used in studies of 
pressure vessel to monitor crack growth, their general use in 
other large structures has not yet developed. Investigators are 
studying possible new applications in structural systems. 
ENGINEERING RESEARCH EQUIPMENT AWARD 
NONDESTRUCTIVE TESTING EQUIPMENT 
Henrique L. Meireles Dos Reis 
University of Illinois, Urbana, Ill 
Equipment purchase is partially funded to permit the NDE 
study of advanced ceramic matrix composites and laminated safety 
glass. 
ULTRASONIC ~DE OF NONLINEAR VISCOELASTIC MEDIA 
James H. Williams 
Mass. Inst. of Tech., Cambridge, MA 
This project will explore the use of NDE techniques for the 
determination of the nonlinear viscoelastic properties of the 
several thermoplastics. Examples of the problems to be studied 
are the solidification (melting) of molded parts (solid pellets). 
STUDY OF THE TEMPERATURE RISE DUE TO DYNAMIC 
CRACK GROWTH USING INFRARED DETECTORS 
Alan T. Zehnder 
Cornell University, Ithaca, New York 
The time dependent study of the temperature rise at the 
crack tip due to localized plastic deformations that occur there. 
The experimental infrared technique is more generally applicable 
for this particular problem. 
INTELLIGENT SIGNAL PROCESSING 
Wolfgang Sachse 
Cornell University, Ithaca, New York 
The application of artificial intelligence techniques to 
measurements of signals that are obtained in elastic wave 
experiments. 
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